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Summary 


Frustration-induced aggression (FIA) is one of a number of behavioural responses that are 
elicited in animals by thwarting access to a needed resource. FIA is a potential cause of injury 
and reduced welfare in group-housed domestic hens and the factors that give rise to this type 
of aggression need to be understood. The expression of frustration-induced aggression was 
examined in an experiment in which dominant:subdominant pairs of birds were tested under 
either food or water deprivation. The dominant bird was trained to run down a runway to a test 
arena to find the food or water reward. The subdominant bird was secured in this test arena 
by means of a light harness. There was one 10 min trial/day, with access to the reward being 
thwarted by means of a perspex cover on the reward dish once every fourth trial, with three 
non-thwarting trials intervening. It was shown that the total rate of aggressive interactions, 
unsignalled running attacks and non-aggressive pecks was higher on the thwarting days than 
on the intervening days (all p < 0.001). There was also an increase in pacing, walking and 
time spent out of the test arena (all p < 0.001). The birds were slower to approach the test 
arena on the two post-thwarting days (p < 0.05), indicating that the experience of thwarting 
was aversive, and additionally that this information may be coded cognitively. Additionally, 
the repetition of the thwarting experience did not reduce the occurrence of the more vigorous 
forms of aggression shown (p < 0.05). The results also indicate that an increase in FIA and 
active behaviours may be a general response to thwarting as there was no difference between 
the response to the thwarting of access to food or water (p < 0.05). The results suggests that a 
potentially serious consequence of thwarting in a group-housing situation would be a greater 
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number of damaging interactions, with the welfare of both the attacked bird and the thwarted 
bird being compromised. 


Introduction 


Aggressive interactions are defined as those in which an animal appears to 
intend to injure, drive off or restrict the actions of a conspecific. Although 
the behavioural outcome is similar, the motivational factors that may give 
rise to aggressive behaviour are quite diverse. An animal may respond in an 
aggressive manner to an intruder in its territory, in competition for a mate 
or for shelter, to a painful or fear-inducing stimuli, or to another animal 
trying to harm its offspring (Huntingford & Turner, 1987; Archer, 1988). In 
animal husbandry systems, serious aggressive interactions can lead to injury 
with obvious negative consequences for animal welfare. Understanding the 
underlying causes of aggression is then important, so that attempts may 
be made to control the contributing factors and the impact on welfare is 
reduced. 

One type of aggression which may be important in intensive agricultural 
husbandry systems is that of frustration-induced aggression (FIA). Frustra- 
tion has been defined as an emotional reaction to the absence of reward in 
the presence of a reward expectancy (Gray, 1991; Amsel, 1992). Experimen- 
tally, frustration is generally induced by thwarting access to a resource by a 
physical barrier, or by delaying or omitting the expected reward. The reward 
expectancy is set up by giving the subject animal a number of trials with free 
access to the resource. Thwarting may elicit the performance of displace- 
ment activities such as pacing, self-grooming, sleep and re-directed behav- 
iour, and it also elicits aggressive responses (e.g. Dollard et al., 1944; Tin- 
bergen, 1952; van Iersel & Bol, 1958; Delius, 1967; Duncan & Wood-Gush, 
1971, 1972a, b; Roper, 1984). As well as in situations of physical thwarting, 
increased aggression and activity is also shown in other non-reward situa- 
tions such as on the non-reinforced trials of partial reinforcement schedules 
(Gallup, 1965; Gallup & Altomari, 1969; Dunlap et al., 1971). FIA appears 
to serve the function of driving away conspecifics from limited resources 
(Archer, 1988). However, it is also argued that the experience of thwarting 
increases arousal which energises ongoing responses, of which aggression 
is only one of a number of possible responses (Scott, 1958; Amsel, 1992). 
In the absence of a conspecific target, aggression produced by thwarting is 
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often directed at inanimate objects (Azrin et al., 1966; Hutchinson et al., 
1968; Flory, 1969), a characteristic that FIA has in common with pain- and 
shock-induced aggression (Azrin et al., 1964, 1965). 

Domestic hens are often kept in housing systems in which access to 
resources such as food, space at the feeders or drinkers, and access to 
preferred nest-sites or perches is physically limited, or access is blocked 
by larger or higher ranking birds. Thus there is the potential for thwarting 
to occur, and for frustration-induced aggression to adversely affect the 
welfare of both the thwarted animal and the victim of the aggression. It 
has previously been shown in experimental conditions that the domestic hen 
does exhibit frustration-induced aggression towards birds lower in rank when 
access to food is thwarted (Duncan & Wood-Gush, 1971). Hens also show 
an increase in grooming, pacing and sleeping in response to thwarting when 
no other birds are present (Wood-Gush & Guiton, 1967; Duncan & Wood- 
Gush, 1972a, b), and some strains give a particular call (the gakel-call) at a 
higher frequency when frustrated (Zimmerman & Koene, 1998). Typically, 
however, it is only the effects of thwarting access to food that is examined. A 
form of frustration response has been shown in response to the thwarting 
of access to water in rodents (Roper, 1984), but the effects of thwarting 
access to resources other than food has not been studied in birds. This is 
despite the possibility that FIA may be a general response to the thwarting 
of access to any needed resource, with serious implications for animal 
welfare. Additionally, the effect of repeated experience of frustration on the 
expression of aggression when access to food or water is thwarted, needs to 
be examined, as thwarting events may not be uncommon in a husbandry 
system. In terms of the effect of frustration and its consequences on the 
welfare of hens, it is important to determine whether repeated experience 
of thwarting causes the response to habituate or to summate. 

Another issue for the welfare of animals is whether the experience of 
thwarting is aversive. To investigate this we used a runway that led from 
a startbox to a test area in which the frustrating event would occur. The 
speed of approach down a runway toward a test area in which the potentially 
aversive event has previously been experienced has been used to examine 
the quality of the associations made by the animal. It has been shown that 
increases and decreases in the quality or quantity of reward elicit respective 
increases and decreases in running speed towards the location of the reward 
on the next consecutive trial. The fact that the response occurs on the very 
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next trial suggests that it may be the result of cognitive and emotional 
processes (Crespi, 1942; Flaherty, 1982). In this experiment, it was expected 
that if the experience of thwarting had been aversive, a decrease in running 
speed on the trial following the thwarting experience would be shown. 

In the present experiment we used a regime similar to that used in 
many studies on laboratory animals, in which the subject was trained to 
expect a reward in a test area. Pairs of hens in which the relative rank 
had been determined previously were used as the test unit, with the sub- 
dominant bird being secured in the test area. In order to examine the effect 
of repeated exposure to frustrating events, access to the reward was thwarted 
on every fourth trial. The effect of thwarting of access to food and water 
was examined, as the majority of the investigations into frustration-induced 
aggression have only used food, and we wished to examine the reliability 
of the response when other resources relevant to the farm situation are used. 
Additionally, attention was paid to the particular types of aggressive action 
expressed, to determine whether the types of aggressive act shown after 
thwarting differ from those normally shown in the home pen. 


Materials and methods 
Animals and housing 


The subjects of the experiment were thirty-eight experimentally naive brown leghorn adult 
hens in full lay. Eight pairs of birds were tested in the first replicate and eleven in the second. 
They were housed in indoor laboratory rooms with two 3 m? pens in each room, with each 
pen housing five or six birds. Nest boxes and perches were provided in all pens, and wood 
shavings were used as bedding. The birds were put into the pens at least three weeks before 
the experiment started, so that a stable social hierarchy could be established. In this period 
food and water were provided ad libitum. The lights were on a 12L:: 12D regime throughout 
the experiment and the temperature was maintained between 20 and 23°C. 


Experimental procedure 


Determining social rank 

In order to determine the social rank in the groups of birds, they were observed for a 30 min 
period once a day for four days. In this period every instance of aggressive pecking, gripping, 
chasing, threatening or avoiding and crouching, and the individuals involved, was recorded. 
From these scores the birds were assigned to dominant-subdominant pairings with two pairs 
per group. If necessary, the rank in these pairings were verified by placing the pair in a small 
cage with a few food pellets and expressions of aggression noted. 
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Fig. 1. Plan of the test apparatus showing the test arena (shaded) and the startbox, the 2 m 
section from which the bird could not yet see the test area and the end section of the runway. 


Apparatus, training and test procedures 

Testing took place in a similar, adjacent but sound-attenuated room. The test apparatus 
consisted of a test arena (75 x 120 cm) with a 290 cm runway leading to it from a 30 cm 
start box with a guillotine door (see Fig. 1). In order to facilitate the test bird’s ability to 
differentiate the test arena from the runway, the sides of the arena were covered in red card. 
Wire mesh was used to cover both the runway and the test arena to prevent birds escaping. 
The food or water was placed in a small yellow semi-circular dish that was hung in the test 
arena 20 cm from the runway entrance. The subordinate bird was secured in the test area with 
a light harness. This harness consisted of a small black Velcro’” belt that was fitted under 
the wings of the bird. The belt was then attached by a D-ring and swivel clip to a leash. This 
was a light-weight black fabric tape with an elastic insert, which was tied to a wall-mounted 
bracket that suspended it 27 cm over the test area at a height of 1 m. The length of the tape 
was adjusted so that the bird could move within a partial circle of about 70 cm diameter, but 
could not reach the test dish. The harness was necessary, as it allowed the subordinate bird 
to be restrained in a defined area of the test arena, so that variations between trials in this 
bird’s location relative to the dish could be minimised. At all stages of testing and training, 
aggression towards the subordinate animal was monitored to avoid serious injury. 

The training and testing schedule had four stages. In the first stage, all birds were 
habituated to being handled. This involved catching both birds of a pair and placing each of 
them into a small cage in the test room for ten minutes once a day for six days. In the second 
stage, which lasted six days, the test birds were trained to run down the runway by giving 
them two trials/day of 5 mins duration in which the food dish was moved progressively down 
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the runway and then into the test arena. At the end of the training period all birds were running 
down the length of the runway in less than 10 s. The subordinate birds were habituated to the 
test area and the belt of the harness. The Velcro ~ belt only was fitted and the bird placed 
in the test arena for 5 min a day. In the third stage, the full test procedure was used with 
both birds present and the subordinate bird attached to the leash, for seven days with one 
trial per day. Each trial lasted 10 min. This was immediately followed by the test schedule in 
which access to the food or water was thwarted on the first test day and then on every fourth 
day, by fitting a clear perspex cover to the dish. Each thwarting day was followed by three 
non-thwarting days to make up a four day set, which was repeated a total of four times. Thus 
thwarting occurred on test days 1, 5, 9 and 13. 

The food and water deprivation regimes started on the first day of the second training 
stage. Deprivation treatments were applied to pens of birds (so both dominant and subordinate 
birds were deprived), and treatment was balanced for home-pen room and as far as possible 
for replicate. Birds on the food deprivation treatment were given access to food for one hour 
per day; from 16:00 to 17:00 h during training and from 12:00 to 13:00 h during testing. 
Water was not available for the water-deprived birds from lights-on (at 6:00 h) until 12:00 h 
each day. 

Each pair of birds was given one ten minute trial per day in an order that was balanced 
for treatment and room. The order of testing was rotated between days so that each pair was 
observed at each time of day. At the start of each trial, the subordinate bird of the particular 
pair was placed in a small cage outside the test room with ad libitum access to food and 
water for ten minutes. This was done so that this bird would not be highly motivated to get 
to the test dish. The bird was then taken from the cage and attached to the harness in the 
test arena. The dish containing the food or water appropriate to the treatment of the test bird 
was placed in the test area. The test bird was taken from the home pen and placed into the 
start box. After 30 s the guillotine door was raised and the bird allowed to move down the 
runway and into the test area. The birds remained in this test area for ten minutes, with video 
cameras recording the behaviour therein. When the test had finished, the test bird was taken 
to a ‘cool off’ cage outside the test room for ten minutes, to ensure that any adverse effects of 
thwarting would have decayed before the bird was returned to its home pen and pen-mates. 
The subordinate bird was returned to her home pen, the test area was cleaned and the testing 
of the next pair commenced. The water-deprivation procedure and the procedures designed 
to induce aggression were practiced in accordance with our current United Kingdom Home 
Office Project and Personal Licences. 


Behavioural recording and statistical analysis 


Behaviour was recorded using a focal animal sampling technique. During the ten minute 
observation period the behaviour patterns of standing, consuming (food or water), pacing, 
preening and walking were recorded as behavioural states. The location of the behaviour 
(in the test area or in the runway) was also recorded. The proportion of time spent in each 
of these behaviours was calculated from this data. All aggressive actions were recorded as 
events (similar to the ethogram described in Duncan & Wood-Gush, 1971). This consisted of 
pecks to head, comb or body, grips (the comb or the feathers of the head are grasped in the 
beak and pulled or shaken), chases and threats. Two new types of aggressive action not seen 
in the home pen were also included in the ethogram. The first was an event which was termed 
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a ‘run attack’, and was defined as an event in which the target bird ran more than one body- 
length to threaten or peck the target bird which did not attempt to run away. The behaviour 
of the other bird distinguished the run attack from a chase, where the other bird would move 
swiftly away. If a run attack resulted in a peck, it could be delivered to the head, comb or 
body, and thus the run attack was classified according to the area pecked and recorded as one 
aggressive action. The second type of aggression was called a ‘jump attack’ in which the test 
bird jumped onto the target bird. Run attacks were more numerous than jump attacks. Non- 
aggressive pecks (less vigorous and to which the target bird did not show avoidance) to the 
feet, tail, and harness were also recorded, as were pecks delivered to the floor and walls of the 
test area. The gakel-call was included as an event in the ethogram, but none were recorded. 

Two birds from the water deprivation treatment in the first replicate were excluded from 
the analysis as we had misjudged the hierarchy and the test bird was not dominant to the bird 
that was harnessed. Thus the results presented are for nine pairs which were tested under food 
deprivation and eight under water deprivation. 

In order to adjust for the fact that during the non-thwarting trials the birds spent part 
of the session eating or drinking, the frequency of the aggressive and other events were 
converted to a rate, expressed as event per minute of time in which the animal was not eating 
or drinking. The duration of the behavioural states are also expressed as a proportion of the 
non-consumption period. As the frequency of aggressive interactions and other events within 
a session did not show a normal distribution, they were grouped into larger categories and a 
log transformation applied. The category ‘aggressive contact’ included jump attacks, feather 
pulls, pecks to head, body and comb, and run attacks that ended with a peck. ‘All aggression’ 
included the behaviours listed above and also the non-contact aggressive acts: threats, chases 
and run attacks that ended in a threat. Run attacks were investigated more specifically by 
using two categories. “Run attack — contact’ included all run attack events terminated with 
an aggressive contact, and ‘all run attack’ included all of these plus the run attacks that ended 
with threats. The gentle pecks at the feet, beak and other gentle pecks to the tail and body were 
grouped in a ‘non-aggressive pecks’ category. The data were then analysed using a REML 
model (residual maximum likelihood; Patterson & Thompson, 1971), due to imbalances in 
the data, with deprivation treatment (df = 1), thwarting day vs non-thwarting days within a set 
(df = 1), repetition of set (df = 3) and replicate (df = 1) as fixed effects, and pen (df = 8) and 
animal (df = 19) as random effects. Wald tests, which use a chi-squared distribution, were 
used to examine the level of significance of the differences. Means presented in the results 
and in the table are those calculated using the model and then back-transformed. In order to 
determine whether the type of aggression shown in the test was different from that shown in 
the home pen, a Wilcoxon test was used. As run attacks may be similar to chases seen in the 
home pen without the impediment of the harness, the ratio of run-attacks and chases to the 
total number of aggressive interactions in the test pen was compared to the ratio of chases to 
total aggressive interactions in the home pen. 


Analysis of runway times 

To determine the effect of previous experience in the test area on running speed, three values 
were extracted from the videotapes of the runway. These were: latency to leave the start box, 
time to traverse the 2 m section from the start box until the point at which the red test area 
would be in view, and the time taken from this point until the bird had entered the test area. 
The two sections of the runway were distinguished, to enable us to determine whether there 
is a cognitive component to the responses to thwarting. As the bird could not see the test area 
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from the 2 m section of the runway, the response measured in this area would be a result of 
any mental representation that the bird had of the events occurring there. Once the bird could 
see the red test area, Pavlovian associations between the stimuli of the test area could elicit 
responses appropriate to the previous experience in that area by a simpler stimulus-response 
mechanism. These data were analysed using REML with day of set, treatment, set number 
and replicate as fixed effects and pen and animal as random effects. 


Results 
Aggressive behaviour 


The results showed that aggression was higher on days on which access to 
the food or water was thwarted than on free access days. The overall rate 
of aggressive interactions was higher on the thwarting days (W,; = 16.0, 
p < 0.001; interactions/min = 1.17 vs 0.71 for thwarting and non-thwarting 
days respectively; Fig. 2) than on the intervening days, as was the rate 
of aggressive interactions that resulted in aggressive contact (W, = 18.4, 
p < 0.001; interactions/min = 0.97 and 0.55). Both the rate of run attacks 
with contact (W, = 18.2, p < 0.001; interactions/min = 0.14 vs 0.07) and all 
types of run attacks (W; = 15.0, p < 0.001; interactions/min = 0.19 vs 0.10) 





























Number of interactions/min 








All aggressive interactions Non-aggressive Run attacks 
interactions 


Fig. 2. Graph showing the rate of interaction expressed as an average of the thwarting (solid 
bars) and non-thwarting (shaded bars) sessions over the four sets. Error bars represent SEMs, 
and the stars represent level of significance (p < 0.001). 
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showed higher values on thwarted days than on non-thwarted days. There 
was also a higher rate of non-aggressive pecks in the thwarting sessions (W, 
= 12.0, p < 0.001; interactions/min = 0.63 vs 0.33; Fig. 2). Pecks did not 
seem to be redirected at environmental objects, as there was no thwarting 
vs non-thwarting trial effect on the rate of pecking directed at the walls and 
floor (W,; = 0.2, p = 0.73; interactions/min = 2.30 vs 2.21). 

There was no effect of deprivation treatment on the total number of 
aggressive interactions (W,; = 2.0, p = 0.16), on the interactions involving 
aggressive contact (W, = 0.9, p = 0.34) or on the rate of run attacks with 
contact, or in total (W; = 1.0, p = 0.32; W; = 1.7, p = 0.19). This 
suggests that thwarting access to both food and water had the same effect 
on aggressive behaviour. Deprivation treatment did not affect the rate of 
non-aggressive pecking either (W, = 2.2, p = 0.14). Repeated experience 
of thwarting over the four sets did not affect the rate of occurrence of run 
attacks with contact or in total (W3 = 2.1, p = 0.55; W3 = 4.1, p = 0.25) 
or the rate of non-aggressive pecks (W3 = 0.6, p = 0.90). However, the 
overall rate of aggression did show a decline at the end of the experiment 
(W3 = 8.1, p < 0.05; interactions/min = 1.09, 0.87, 0.97 and 0.78; overall 
set mean for sets | to 4 respectively), although there was only a tendency 
for aggressive interactions with contact to decline (W3 = 7.0, p = 0.07). 
It appears therefore, that the number of threats and chases declined with 
repeated experience of the thwarting event. 

A comparison between the aggressive behaviour shown in the test situa- 
tion in thwarting trials and that recorded in the home pen showed that there 
were more run-attacks and chases in the test situation than there were chases 
in the home pen, when expressed as a ratio of the total number of aggres- 
sive interactions (W7 = 0.0, p < 0.05; ratios of run-attacks and chases to 
all aggressive actions = 0.21 vs 0.11 for test thwarting trials and home pen 
observations respectively). There was also a difference between these ratios 
when non-thwarting trials were compared with the home pen data (W; = 1.0, 
p < 0.05; ratios of run-attacks and chases to all aggressive actions = 0.20 
vs 0.11 for test thwarting trials and home pen observations respectively). 


General behaviour 


In addition to the effects on aggressive interactions, there were a number 
of other effects of thwarting on general behaviour. Typically, the immediate 
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reaction on discovering the perspex cover on the dish was for the bird to 
peck at it and the dish a number of times, before commencing other types of 
behaviour. The proportion of time spent pacing was higher in the thwarting 
trials than on the other days (W; = 126.6, p < 0.001; proportion of time 
= 0.0054 and 0.0003 for thwarting and non-thwarting days respectively) as 
was the time spent walking (W; = 26.8, p < 0.001; proportion of time = 
0.15 and 0.10). Also, the proportion of the test period spent in the runway 
was higher on thwarting days compared to non-thwarting days (W,; = 19.0, 
p < 0.001; 0.13 and 0.06) indicating perhaps that the birds prefer to leave 
the place where they were frustrated. Contrary to other studies (Duncan & 
Wood-Gush, 1972a, b), however, the proportion of time spent preening was 
not higher in thwarting trials than in non-thwarting trials (W; = 0.2, p = 
0.66; proportion of time = 0.021 and 0.023). However water-deprived birds 
showed more preening than the food-deprived birds (W; = 8.1, p < 0.01; 
0.013 and 0.034 for food- and water-deprived birds respectively). 

There was no effect of deprivation treatment on time spent pacing or 
walking (W,; = 1.6, p = 0.21; W; = 0.2, p = 0.16). However, the 
time spent in the runway was higher on thwarting days and lower on non- 
thwarting days for food-deprived birds when compared to water-deprived 
birds (W,; = 5.0, p < 0.05; proportion of time = 0.16 and 0.05; 0.11 and 
0.08 for thwarting and non-thwarting days, for food- and water-deprived 
birds respectively). There was a similar interaction between treatment and 
thwarting/non-thwarting trials in the time spent pacing. Food-deprived birds 
performed more pacing than water-deprived birds during the thwarting trials, 
but there was no difference between the treatments on non-thwarting days 
(W, = 10.5, p < 0.01; 0.0089 and 0.0004; 0.0031 and 0.0002 for thwarting 
and non-thwarting days, for food- and water-deprived birds respectively). 

There were a number of effects of repeated experience of thwarting 
on general behaviour. Time spent walking declined overall after the first 
set (W3 = 23.4, p < 0.001; 0.14, 0.13, 0.11, 0.12 for the means for 
set numbers | to 4 respectively). However, an interaction between set 
number and thwarting/non-thwarting indicated that while walking in the non- 
thwarting trials declined over the experiment, walking during the thwarting 
trials increased slightly (W3 = 17.5, p < 0.001; see Table | for this and 
following set number vs thwarting/non-thwarting interactions). A set number 
and thwarting/non-thwarting trial interaction indicated that the time spent in 
the runway increased over the trial on thwarting days and decreased on non- 
thwarting days (W3 = 12.0, p < 0.01). 
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TABLE |. Table of back-transformed means for proportion of time showing 
interactions between set number and thwarting/non-thwarting trials in time 
spent walking, standing and in the runway 


Behaviour Set number Thwarting trials Non-thwarting trials 
Walking | 0.14 0.15 

2 0.15 0.10 

3 0.14 0.09 

4 0.17 0.08 
Time in runway I 0.10 0.09 

p 0.11 0.08 

3 0.16 0.05 

4 


0.19 0.04 














Time to traverse section (s) 





Frustration day Day +1 Day +2 Day +3 
Day of cycle 


Fig. 3. Graph showing the time taken to traverse the 2 m section (solid bars) and the end 
section of the runway (striped bars), expressed as an average of each day over the four sets. 
Error bars represent SEMs. 


Runway times 


There was no effect of deprivation treatment (W, = 0.7, p = 0.40), day 
of set (W3 = 1.4, p = 0.71) or set number (W3 = 3.8, p = 0.28) on the 
time taken to leave the start box. The time taken to run the 2 m section of 
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the runway from which the birds could not see the test area was longer on 
the day following a thwarting day, and yet higher on the 2nd post-thwarting 
day (W3 = 9.5, p < 0.05). The same pattern was shown for the time taken 
to run the last part of the runway, from which the test area was visible (W3 
= 9.1, p < 0.05; Fig. 3). There was no difference between the responses 
of the food- and water-deprived animals for either section of the runway 
(2 m section: W,; = 0.0, p = 1.00; end section: W; = 0.6, p = 0.44) and 
no significant effect of repeated experience of thwarting on time to run the 
2 m section (W3 = 3.7, p = 0.30). There was, however, a tendency for the 
time taken to complete the last section of the runway to decline over the 
experiment (W3 = 7.3, p = 0.06; 2.01, 1.78, 2.01 and 1.63 s for sets 1 to 4 
respectively). 


Discussion 


The results show that the overall level of aggression in the domestic hen 
increases when access to food is thwarted (as also shown by Duncan & 
Wood-Gush, 1971). In particular, the results also show that certain more 
vigorous forms of aggression increase in frequency. The difference between 
the thwarting and non-thwarting trials suggests that the increased aggression 
shown is not solely the result of chronic food or water deprivation, or to the 
presence of a restrained opponent. 

The incidence of a particular type of active aggressive attack, which we 
termed a ‘run-attack,’ whether it was followed by contact or not, was higher 
in thwarting, compared to non-thwarting trials. The run attacks were initiated 
very quickly and did not allow the other bird a chance to show avoidance, 
or to assume a submissive posture and defuse the attack, which is what 
would normally occur in an aggressive encounter in the home area. This 
suggests that a potentially serious consequence of thwarting in a group- 
housing situation would be a greater number of damaging interactions. The 
incidence of run-attacks in the test situation was also higher than that shown 
in the home pen, indicating that the form of frustration-induced aggression is 
different from the pecks and threats shown as part of resource-competition or 
hierarchy maintenance in stable groups (Guhl, 1958; McBride et al., 1969; 
Rushen, 1982). The greater number of attacks that occurred in the non- 
thwarting trials as compared to in the home pen may reflect the dominant 
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bird’s motivation to assert dominance in a new context. The quick and almost 
spontaneous nature of the run attacks, allowing little time for the other 
bird to respond with a submissive posture, and the high frequency of all 
types of aggressive action, may serve to drive a subordinate away from a 
needed resource as suggested by Archer (1988). However, this expression of 
increased aggression in frustration-induced aggression was accompanied by 
an increase in what are often termed displacement behaviours such as pacing 
and walking, suggesting that frustration-induced aggression is also part of 
a more generalised reaction to an acutely aversive situation as suggested by 
Amsel (1992). 

No difference was found in the aggressive response elicited by thwarting 
access to water or food, indicating that it may be part of a general response 
to the thwarting of access to a needed resource. If this increase in aggression 
is Shown when access to nest boxes, dust baths and other resources hens may 
be motivated to obtain is thwarted, this may also be a cause for concern in 
husbandry systems in which large numbers of birds are kept and in which 
competition for these things may be high. 

The effect of repeated experience appeared to affect different behaviours 
in different ways. The repeated experience of thwarting did not reduce 
the incidence of the most vigorous aggressive responses, at least on the 
schedule used here. However, the total number of aggressive interactions 
declined at the end of the experiment, as also shown by Duncan & Wood- 
Gush (1971) using a schedule in which the birds were tested every second 
day. Tests on rats and pigeons in non-reward situations using runway and 
operant methodologies, and using a number of closely spaced trials each day, 
showed no decrease in aggressive response (Gallup, 1965; Azrin et al., 1966; 
Davis & Donenfeld, 1967; Gentry, 1968). Walking, however, increased over 
the experiment. The differential effect of repeated experience of thwarting 
on different behavioural responses bears further investigation, especially as 
some may have implications for animal well-being. 

The significant increase in the time taken to traverse the runway in the 
two post-thwarting day trials and the increase in time spent in the runway 
during thwarting trials suggests that the events experienced in the test session 
were aversive. This increase in time taken is similar to that shown by rats 
on trials after the quantity of the food reward is reduced from what was 
found on previous trials (Crespi, 1942). It has been hypothesised that once 
a negative experience, such as thwarting, has been experienced in the test 
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area, the physical properties of that area become associated with the negative 
experience and this has inhibitory effects on subsequent responses (Amsel, 
1958, 1992; Wagner, 1966). As the birds also reduced their approach speed 
in a part of the runway from which they could not see the test area, it 
indicates that this response was not purely due to this type of Pavlovian 
association. The hens may have had a mental representation of the non- 
reward situation experienced, although it is also possible that features of the 
runway had become associated with those of the test arena by a processes 
of chaining as first proposed by Hull (1935). The possible aversive nature 
of frustration has received little experimental attention, although it has been 
shown that rats will rapidly learn to escape from the test cage in which non- 
reward and reduction in reward quantity was experienced (Daly, 1969). It 
appears that although the increased arousal generated by thwarting could 
reach expression by increased aggression and general activity, this did not 
prevent the experience from being perceived negatively. This also means 
that in terms of animal welfare, there is evidence that the well-being of 
the frustrated bird may be compromised as well as that of the target of the 
aggression. The further increase in time to traverse the runway on the second 
day post-thwarting is difficult to explain, but suggests some competition 
between the negative representation of the thwarting and the positive of 
the reinstated food reward, and merits further investigation. However, as the 
runway speeds returned to a stable level on day 3 post-thwarting and on the 
day of thwarting (before the perspex lid had been sighted), this suggests that 
three non-thwarting trials may allow the reward expectancy to be reinstated. 

In conclusion, it would appear that thwarting access to needed resources 
could have serious consequences for animal welfare. Thwarting increases 
general aggression and some of the potentially damaging forms of aggressive 
interaction. Although it appears that the overall level of aggression may 
decrease slightly with repeated experience of thwarting, the unsignalled 
attacks do not show this decline. The aggressive response to thwarting has 
been shown here to occur in response to food and water, two of the major 
resources required by a domestic hen. The welfare of the thwarted hen may 
also be compromised as the thwarting event appears to be perceived of as 
being aversive, and this perception appears to be encoded in a cognitive form. 
However, the expression of frustration is only open to dominant animals, and 
the effect of the inability to resort to overt aggression by subordinate animals 
should be investigated. 
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